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i nvention relates to packaglng especi al | y packagi ng of oXxygen- Serfsitive
materials, nost especially of foods and beverages. Packagi ng, whet her
ridid, semi-rigid, flexible, 5lidded, or collapsible, or a conbination of
t hese, serves not nerely to contain the material being packaged but,
depending on the nature of the material, to prevent ingress of harnful
substances fromthe environnent. CXygen fromthe atnosphere has | ong been
regarded as one 10 GiMpRY AN o2 Smb O 0) qkaged
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cont ai nersaort gﬂ?'eﬂ %ﬁl Q%B" to dé)ﬂﬁ k%%;(%?é %‘FI {"tll)gf ng
honngeneouQePF&§PHSt9& dehwre o rﬁhﬁ%ﬂﬂ%ﬁﬁ*ﬁﬁ &2 Eﬁ@va%tal packages,
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100f the most harmful substances for many packaged
materials, especially foodstuffs.

Packaging made exclusively of glass or metal can
provide an extremely good barrier both to egress of all
substances from the package (especially water and carbon

15dioxide) and to ingress of all substances from the
environment. Packaging made of polymers in whole or in
part generally performs far less well in both these
respects. This has restricted for many years the use of
polymers in packaging, despite the great advantages of

20polymers. These advantages derive from the diversity of
polymers themselves in mechanical, thermal, and optical
properties and from the diversity and adaptability of
fabrication techniques for polymers, allowing flexible
bags, rigid containers, and clinging films to be made, the

25package wall being homogeneous, laminated, or coated. |
Compared with glass and metal packages, polymer packages
are generally light and compared with glass are generally
less breakable. There are also cost advantages with some
polymers. ' '

30 Polyethylene terephthalate is a major packaging
polymer, used particularly for bottles for carbonated
beverages. It is over twenty times less permeable than



pol yner, used particularly for bottles for carbonated beverages. It is over
twenty tinmes | ess perneable than -2- polypropylene while still having a
practically significant perneability. There are extrenely inperneabl e
poMyners such as copol yners of ethylene and vinyl al cohol, of vinylidene
chloride and vinyl chloride, and of Smxylyl enedi am ne and adi pic acid
("MXD6"); but for practical or cost reasons these tend to be used as thin

| ayers on or between pol yet hyl ene terephthalate or (in the case of MXD6)
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25subst ances s as nit'rogen or er vap ur or ou on of
substancé@PrAﬁsdgaddUS@dmméiidﬂnt\R?Imﬂah&biﬁﬁn tFen beshance,

oriented blends of polyethylene terephthalate (96%) and
MXD6 (4%) are about 70% as permeable as polyethylene -
terephthalate. Chemical Abstracts, 1984, volume 100,
abstract 100: 193165x, being an abstract of Japanese

15 published patent application 58 160344, gives some
information on these blends.

We believe that there is considerable potential for
extending the use of polymers by means of
oxygen-scavenging systems. In these, oxygen reacts

20 chemically as it is transmitted inwards towards the
package contents. Accordingly, transmission of oxygen
inwards to the package contents is reduced, not
necessarily with any improvement in the performance of the
package with respect to inward transmission of other

25 substances such as nitrogen or water vapour or outward
transmission of substances.

Among substances that we believe can then be more
satisfactorily packaged with polymers we would
particularly mention beers ( especially lager beers),

3owines (especially white ones), fruit juices, some
carbonated soft drinks, fruits, nuts, vegetables, meat
products, baby foods, coffee, sauces, and dairy products.
Almost all foods and beverages are likely to display some
benefit.
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s packaging materials, and containers prior to their use in

packaging the product. Good oxygen barrier performance
over periods as short as one day might be in principle of
15 use in certain cases, although periods of at least two,
five, ten, twenty, fifty, or hundred days will extend the
range of commercial applications. In respect of the
prospective advantage from reducing barrier over short
periods only, it should be remembered that oxygen entering
20 the package shortly after the product is packaged has a
longer time to react and therefore do damage than oxygen
entering at a time nearer to consumption. It should also
be remembered that in some cases oxygen will be packed
with the product so that improvement of the performance of
o 25 the package beyond a certain point may have a relatively -
insignificant effect on product quality. -

An early proposal relating to oxygen-scavenging is
described in US patent 3,856,514 (published in 1971). This
describes most particularly the addition of 0.8% to 2% by

30 weight of antioxidants to hard polyvinyl chloride.
Antioxidants exemplified are 2,2'-methylene-bis-
(4-methyl-6~t-butylphenol) and 2,2'-dihydroxy-3,3'-
dicyclohexyl-5,5'~dimethyldiphenylmethane. The best
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regarded 99uGkdtiyation of the barrier properties is described. The -
use of antioxidants with polyethylene terephthalate is not
specifically disclosed; in this respect it may be noted

15 that antioxidants are not added to polyethylene
terephthalate conventionally. (The conventional use of
antioxidants is the suppression of oxidation of polymers,
such oxidation in a package being regarded generally as
undesirable.)

20 More recently, Rooney has described scavenging
systems which operate by oxidation of organic materials
such as 1l,3-diphenylbenzofuran when illuminated in the
presence of a dyestuff (Chem. 1Ind., 1979, 900-901; J.Food
Science, 1981, 47, 291-298; Chem. 1Ind., 1982, 197-198).

25 These systems have the disadvantage for use with, say, ~

beer bottles that it is not practical to arrange for each
bottle to be illuminated during storage.

As well as these proposals to use organic materials
as scavengers there have been proposals to use inorganic

joreducing agents as follows: iron powder (Japanese

published patent application 55 106519, published in
1980); hydrogen gas packed with the product (UK patent
1,188,170, published in 1970); and sulphites (UK patent
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because of I'T poor conpat | Ity wth p Some di scussion of the
convent i on@PlymeE§r.enent s and 10units of oxygen perneation is appropriate

at this point. E@&éﬂa¥§éu§§¥3nléfrﬁﬁkfé&hﬁéﬂ@ﬁbﬂﬂlamaaekﬁeﬁenmblaﬁa area A
to a partlal pressureyp xygen on the one_s nd %o nm_essen |aIIy
zero parf B &&u OF %%%@%&qué%tmr°ﬁﬁbagﬁaﬁ iFslﬁf PR gen
ener gi ng Omhbhmebwurumenukis made by exposing a package wall of area
A to a partial pressure p of oxygen on the one side and to
an essentially zero partial pressure of oxygen on the
other. The quantity of oxygen emerging on the latter side
15 is measured and expressed as a volume rate dv/dt, the-
volume being converted to some standard conditions of -
temperature and pressure. After a certain time of
exposure (usually a few days) dv/dt is generally found to
stabilise, and a Py value is calculated from the equation
20 (1).

dv/dt = Py A p (1)
Py in the present specification and claims is called the
permeance of the wall. (Analogy with magnetic permeance
and electrical conductance would suggest that Py should be

e - 25described as "permeance per unit area", but we are
following the nomenclature in Encyclopaedia of Polymer
Science and Technology, Vol.2, Wiley Interscience; ‘1985,
page 178.) The standard conditions for expressing dv/dt
used generally and in this specification are 0°C and 1 atm

30 (1 atm = 101 325 N m~2). If the thickness of the area of

wall is substantially constant over the area A with value
T and the wall is uniform through the thickness (i.e. the
wall is not a laminated or coated one) then the
permeability of the material in the direction normal to



: 15 is neasured and expressed as a volunme rate dV/dt, the volunme being
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Eit]//eddi re[ctd:@mdtlbicnb o thet heamkéméatgshghl asethier huntildd tyq ot ithe I(2).
t - [e r N4.$Ga | er S,
[err] and %%‘lr‘?fb‘géget8nau|’3ag’c§xgsf‘€réﬁér é)%Id%Bf‘I“ gn t?‘%dé%%%&%%‘{@fe téfgnd
p, and [errghefmeasuremeugh they are often appreciably dependent on other
condi tions of tPSr”Sﬁ?ﬂéﬁﬂﬁeivéﬂghngsw%ﬁishu%d'ah)d e FmlyS on the
nd t he

oxygen-rich_side a e tenperaflur 3 asur.e t. For
oxygen- s@REnhi hgcanpe sthecONCERYrpLiPns, A0 acEivdty AF sfaveng&%use the
concentr atv@fg withatingi (Papticaiuelycas the scavenger is

consumed). This has not prevented us usually from A
measuring Py and Py reasonably accurately as a function of
time (the changes in 4v/dt being relatively gradual once

15 the normal initial equilibration period of a few days is
over). However, it should be recognised that, whereas
after a few days' exposure to the measurement conditions a
non-scavenging wall achieves a steady state in which dv/dt
is equal to the rate of oxygen ingress to the wall, a

20 scavenging wall achieves an (almost) steady state in which
dv/dt is considerably less than the rate of oxygen ingress
to the wall. This being the case, it is likely that Py
calculated from (1) is a function of p as well as of t and
that Py in (2) is a function of p and T as well as of t.

25 Py and Py for scavenging walls are, strictly speaking, not
true permeances and permeabilities at all (since
permeation and scavenging are occurring simultaneously)
but, rather, apparent ones. However, we have chosen to
retain the conventional terms “permeance®" and

30 "permeability®. So long as the conditions of the
measurement are sufficiently specified they are suitable
for characterising the walls in a manner relevant to the
packaging user (i.e. in terms of the oxygen emerging from
the wall).
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S indeed all reference to oxidatiqn, oxidizability, and
oxygen-scavenging properties, refer to the dark or else to
conditions of irradiation not appreciably contributing to
oxygen-scavenging.

The present invention provides a wall for a package,

which wall comprises, or includes a layer comprising, a

composition which comprises a polymer, said composition
being capable of scavenging oxygen through the metal
promoted oxidation of an oxidizable organic polymer
component, the metal oxidation promoter comprising a
transition metal in a positive oxidation state, such that
the permeance of the wall for oxygen is not more than 10.0
cm3/(m? atm day).

The use of an oxidizable organic polymer component has
the advantage, broadly speaking, over the use of an
oxidizable non-polymeric component that it is less likely
to affect adversely the properties of a non-oxidizable
polymer with which it is blended. It is possible for an
oxidizable polymer to be used as the sole polymer in the
composition, serving a dual function as polymer and
oxidizable organic component. '

{.



val ues) the thickness of the wall is 0.3 nm Conditions close to the first
hree of these, at |least, are conventional in the packaging industry.

Further, as will be appreciated from4hge above discussion of the papers by
Rooney, it is possible of [err] and PMto be affected by the illum nation
of the wall under test. All and [err] values hereinafter, and indeed

all reference to oxidation, oxidizability, and oxygen- scavenging

properties, refg :lbsP dd bdldHde L ﬁ#séxéosﬂ?é'di—éﬁé'éto{hié 2¢i gLi g not

appreciably contri utlng to oxygen scavengl esent |nven ron -
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corm[): Si n]@xﬁmldmwl o mﬁp%ﬁ %Y@rm?ﬁﬁl 6x£&8€9§ht I ]g)n bei ng
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oxt di zabi PEEHE (3 FREATRRER rbe (Fee: FE LT ROFBIBLS chbee, for
conpri si n@ mahﬁns:&tdystettn ben wsgrbsimlmbimdbicmmﬁnte nouehgth?t tEe _
per meance |1 r iﬁﬁb' m day The
use of anéoﬁ}lg& za%/ae F(érig)airﬁ%e/ 0 fn&%n%%néﬁﬁgs% a‘gi'é e, broadly
speaki ng, GoRpOnants, an (ﬁr%ﬂ& de Ay y\mcucino«nm&mtinat it is.
less |i kekiithd td fdtaAd\tflys ghe propertles of a non-oxidi zabl e pol yner

lsed as the solff AHAoram, 3 @@E&i)% fn ofhe Bretent Srect Ficktiven ac”
pol yner ammdndlttmaﬂis(iqpmudndxngnnpt .where 8thé tconstéxt btndabtatesn t he
sane resD%@héﬂwﬁséf ot ¥nly a wall when incorporated into a package
. structure but also packaging materials capable of forming
walls, such as package bases, packaging sheet, and so on.
The words "promoter" and "catalyst" are used
interchangeably in the present specification and claims in
a general way readily understood by the man skilled in the
art, not necessarily to imply that the promoter or catalyst
is not consumed at all in the oxidation. It is indeed
possible that the promoter or catalyst may be converted
cyclically from one state to another and back again as
‘successive quantities of oxidizable component are consumed
by successive quantities of oxygen. However, it may be
that some is lost in side reactions, possibly contributing
directly to oxygen-scavenging in small measure, or indeed
that the "catalyst" is more properly described as an
initiator (e.g. generating free radicals which through
branching chain reactions lead to the scavenging of oxygen
out of proportion to the quantity of "catalyst").
Advantageously, the permeance of the wall, for oxygen,
is not more than 5.0 cm3/(m2 atm day), preferably not
more than 2.0 cm3/(m2 atm day), especially not more
than 0.5 cms/(m2 atm day), and most especially not more
than 0.1 cm>/(n? atm day).
Advantageously, the permeance of the wall provided by



«.course possible for two or nore polyners, ;two or nore oxidi zable organic
conponents, or two or ‘nor€ oxidation pronoters or catalysts to be used. It
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proportigﬁpfﬁgﬁﬁgbiﬂaﬁPFtigﬁfLQ&%%H)R&”§9é§¥R%£#55% uggy}ntﬁégperneance of
the wal |, poelimygapy discasisiomtabowes, than 5.0 cm[err] atm day),
preferably not re than 2.0 [err . f? clal 2 than
05 [err] atm dggf nSﬁggﬁﬁg egsc é']celn%tﬁrn ﬁ%a%p%i?%? of Lﬂehx%lfo{:fli

generally have to be greater the greater is the permeance

| in the absence of scavenging_prope:ties.
15 Accordingly, a good effect even in relative terms is
harder to.achieve the higher is this latter permeance.

'Advantageously, therefore, the permeance in the absence of

oxygen-scavenging properties is not more than 50 cm3 /( m2
atm day), preferably not more than 30 cm3/ (m2 atm day),
20most preferably not more than 18.0 cm3/ (m2 atm day). A
particularly good effect can be achieved where the said
pefmeance is in the range from 1.5, preferably 3.0, to 30,
preferably 18.0, cm3 / (m2 atm day). While we believe
that a good relative effect should be achievable when said
e 25 permeances are lower than 1.5 cm3 / (m2 atm day), the
range of commercial applications seems to us to be .
relatively limited (generally because this would involve
using in the wall major quantities of existing high
barrier polymers rather than very convenient polymers such
30 as polyethylene terephthaiaté). |
The wall may be a rigid one, a flexible sheet, or a
clinging £ilm. It may be'homogenous or a laminate or
coated with other polymers. If it is laminated or coated,
then the scavenging property may reside in a layer of the



than 0.1 [err] atm day). Advant ageouslg, t he perneance of the wall provided
by -9- the present invention is No¥9nmdre than three-quarters of that
whick it would have in the absence of oxygen- scavengi ng properties,

pr ef er abl o, nore_t han one half,, re _pr.eferahl 0 re.than one tenth,
especi al'l'glg ﬁBF REFReRRSH BEewk’\k@Fh B i t%ﬁ’réynﬁgﬁggb&% ly not nore
t han oneahsencedofl. sGavengipgr amedn s icho @l el weontlal amts [peBormi nt ai ned
for at | h [ Sﬁ£¢¥8¥# t '*H¥3 [r at [err]
and 50%?%?%t|9§gi Sér‘ncgllg?el&aﬁgwam%eiﬁo refera %%gkﬁ?e or}égrﬂperi ods

r ef er r edcPBPiRathenwidthnPRE Promezes stheradaxersrivhich hava @ scavenginig
capaci t yr@iatively! Low perficafcal buthaeylligim JrartdisutEdia er is the

per neance_in the absence of scav i Ng Rropert.es. qJlﬁe]:Accordi ngly. a good
bifect cONKIPM-PERNERGLRECPREERI bR e, A FiNghe ARy JaWeh aord R s

| att er pesedaonethédeoutsideoos! thet packiages since thiwds dhen gide absence

of oxygeps {n egtl ' );fzﬂ'ﬁ: at m_day),

pref erab ?aﬁg?ﬁ?ro%egﬁgﬁ%gy ?Fﬁiﬂ%ﬂ%?ﬂ%&% t prdgae;%bl not nore

t han 18.83}1ed] apd seajpd.A %V@G:Iraﬁ‘ﬁf’l"g(i)d-’éﬁ%&°m @R where .
the sai dtRer seavenging layee woldd redick Tomsuipiidi o8 dbavéhgihg

prefer b dpddafy bEARE, 25Tl ine Mekf slfuiig cvc (0t 7 aood relative

at m day), theThenpresentodmventilonappiovistesrin skksseaeond aspdant reel at i vel y

limted £gaBEELi¥n 202 packligingP st Whi¥H omprises a polymer,
said composition being capable of scavenging oxygen through
the metal promoted oxidation of an oxidizable organic
polymer component, the metal oxidation promoter comprising
a transition metal in a positive oxidation state, the
permeability of the composition, for oxygen, being not more
than 3.0cm3.mm/(m2 atm day). It will be understood
that the oxygen permeability of the composition is
typically measured, as indicated above, when the
composition is in the form of a wall.

The composition provided by the present invention has
three major uses.
Firstly, it can be used as the material for a wall

(uniform in the direction normal to the wall at least) or
else a layer of a wall providing the major part of the
overall barrier. 1In such a case, the permeability of the
composition for oxygen is advantageously not more than 1.7,
preferably 0.7, especially 0.2, and most especially 0.03
cm’ mm/(n2 atm day). The permeability of the
composition provided by the present invention is
advantageously not more than three-quarters of that in the
absence of oxygen-scavening properties, preferably not more
than one half, more preferably not more than one-tenth,
especially not more than one twenty-fifth, and most
especially not more than one-hundredth. The permeability
in the absence of oxygen-scavenging propgrt}es is_ﬁ‘t:
advantageously not more s =l —




<rusing in the wall major quantities of ‘existing high barrier polyners rather
t han very conveni ent polyners such 30 as pol yethyl ene terephthal ate). .The
waJ | may be a rigid one, a flexible sheet, or a fAging film It may be
hokmgenous or a I aninate ‘ar coat ed Wi_t other pol.ypers. If it is lamnated

......

or coated, then the scavenging proper “may reside in a layer of the -
10 - wall the perneance of which is relatlvely hi gh in the absence of
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above, whelFomeletibeceRriaSeds | FoaREnes iR FiR package contentd %
by a package wall).

The time period for which the permeability is
maintained when the composition is stored in air, as.

15 granules or in another form, is not necessarily critical
since stor&ge in sealed containers or under nitrogen is
practical. However, preferabiy the permeability should be
maintained in air for the periods referred to above in
respect of the wall provided by the invention. More

20 importantly, however, the permeability should preferably
be maintained when a typical wall is made (0.3 mm thick).

In a third éspect, the invention provides a package,
whether rigid, semi-rigid, collapsible, lidded, or
flexible or a combination of these, a wall of which is a

25wall as provided by the present invention in its first
aspect or comprises entirely, as a layer, or as a blend
the composition provided by the invention in its second .

aspect. _
Before we proceed to describe the present invention
30 in more detail (including by means of Examples and an
Experiment) it is appropriate to deal with the question
of how one may determine permeance or permeability that a
wall or composition would have in the absence of
scavenging'(thié permeance or permeability being referred



. The conposition provided by the present invention has three major uses.
Firstly, it can be used as the material for a wall (uniformin the
direction normal to the wall at least) or else a layer of -a wall providing
the major part of the overall barrier. In such a case, the perneability of
t he conposition for oxygen is advantad@ously not nmore than 1.7, preferably
0.7, especially 0.2, and nost especially 0.03 [err] atmday). The
perneability of the_conposition provided by the present invention is
advant ageotQ| §everajptimegaaboyede- qFhe satisr of permeangesioence of

oxygen- Elcapeﬁ':aeebmm?ﬁébi eh, théetbﬁé%@n\éen%lml etdwt @?héw&ngfﬂ'g e

preferabl y_pot nor n_one-tenth, espe ot nore .than one

Dwenty 111378 QiR (FePIRERERLII MeaRuEehdite e # Lite Gh ki HoAVeRRLng

per neabi | i effect) handbiende @brothdsnreasomndihat vaxious apper

advant ag o] n r pr ef | y. 10, and nost .

prefer ab[%;i%#i/ti %gpteﬁgﬁl 5?‘}'&898%% %?Frg]gfg%z:earanqb%é)vaedhi :(\f\g{(?%%/r such

per neabi | iBeR8UFR Mightahgetheowatis, ofr sher avaptities ofl @xygesrterabl y

6.0,[err] ahérgeny ahd entSpdAgithe WaAZ1CUMARY tt'e%"l:,cg_}_lr#j?:ﬁ!:%edlés a master
irdly,

batch for plendin t h_anot her | ymer for such use. It can be
used for fHPAP nafg"&%ﬁle canmmeﬁm-ahf‘wwmwdam #etermining
oxygen- scavkagpagméancébcor| petmeabdlities ol yues tion ivdillg e Bearrier
Coonpl ot SgesEbed (Alkn_ BREETANTAL rRETR0der €5 ARERRIHIRG Shther o
wal ). Theatpartpeuniay prefenrefl rasipe(dddhi li/2y 110 etc. as
described above) is exceeded:- ~
(1) The wall under test is exposed to oxygen for a
time sufficiently long that the oxygen permeance or
15 permeability begins to rise as the oxidisable organic
component is consumed. It is of course not necessary to
continue the exposure until no further rise occurs (i.e.
until the scavenging is totally absent). Whenever the
exposure is terminated for a particular sample one can
20 confidently set a lower limit on permeance or permeability
in the absence of scavenging, and therefore an upper limit
on the ratio in question.
(2) A wall is prepared for comparison free of
catalyst, and the effect of the catalyst on pure
25 permeation is estimated or (more likely) reasonably ~
ignored. Some scavenging activity in the absence of
catalyst will not preclude the establishment of the lower
and upper limits referred to in (1l).
(3) In some cases, as will be discussed in more
30 detail later, the oxygen-scavenging property is
still undeveloped until some time after the forming of a
wall, in which case one may take the largest Py or Py
value observed before achievement of maximum barrier as
setting a lower limit on Py or Py in the absence of

A



. . mai ntai ned when the conposition is.stored in air, as 15granules or in

‘anot her form is.net neéessarily critical since storage in sealed
containers or under nitrogen is practical. However, preferably the
pe(neablllty shoul d be maintained in air for the pariods referred to above
in respect of the wall provi-ded by the 1havention. Mt e 20i nportantly,
however, the perneability shoul d preferably be nalntalned when a typical
wall is made (0.3 mmthick). In a third aspect, the invention provides a

package, \M‘Bﬁé\?’énéiﬂg d(réQ@lté'Shdunéqhhiﬁ&bF&d Isatiaés Beifdexi bl e or a
conbinat i on, of which is a 25wall as provided by the

t
present |tﬂk§ﬂ9§ﬁ§:r9$t§P?F$§f aspect or conprises entirely, as a |layer, or
as.a bl end the cpipom tsame peasesgdthy bhyg'em‘sn!aivelngimd tesf femytorsams pect .

Crnol v ng 5 Fibidef Sty Fobltal' EREm1R B RRb R BHE S8 | |
‘deal wi t h5tdue qlbkavancef fonvtbecefifigctieobr n:hnegpdr frenper atunsor i | ity
that a wallyQfe Poémﬁ%{lééé?f' Vi s NAYEel e&h%oa*iﬁe’i(iq YanSGavengi ng (this

per neance or per y being referre - to several tinmes above).
The ratiocﬁs Hetheds or perneabilities in the presence and absence of

scavengi ng are (U\E theGPERSES ) (TPagd! €49 abBesi ZQ)Ofxst b cbadagngi ng

ar e suggostiie AR I9IEkAhe S LEHCEPE fPANFY BREY BRLSTIR I Ehfant ¢ cs

of oxygenoewpey impreral coimes | cguldebaavéryndengt det. g .bexceedings dmsss

practical |y, LonyV el £lls ) o EOH e PEEIRGScOhaTE1BRT WePd used (e.g.
higher temperature, high partial pressures of oxygen). We
believe that the walls and compositions in accordance with
the present invention should all display a plot of

15 permeance or permeability against time of exposure to
oxygen essentiélly as shown in Figure 1 attached hereto.
However, it being relatively recently that this invention
was made, we do not know the precise form of the whole
curve. It should be noted that a similar curve for an

20 inert gas such as nitrogen or carbon dioxide is not to be
expected, nor is such a curve to be expected from known
materials of high barrier properties although a long term
increase of permeance or permeability both for oxygen and

et

for nitrogen or carbon dioxide might occur as a result of
il 25general degradation.

This indicates a possible fifth method of test,
namely performing comparative experiments with oxygen and
an inert gas while making due allowance for the difference
of gas based on broadly similar conventional materials.

30The validity of this method in principle we have
confirmed by our finding that bottles made in accordance
w1th the present invention provxde an unexceptional
barrier to loss of carbon dioxide from carbonated water
contained in them. | |



- the perneances or perneabilities in question will now be 10 described with
particul ar reference to determ ning whether a particular preferred ratio
(344, 1/2, 1/10 etc. as described above) is exceeded:- (1) The wall under
teM is exposed to oxygen for a tine sufficiently long that the oxygen

per meance or 15perneability begins t¥43%e as the oxidisable organic
conponent is consuned. It is of course not necessary to continue the
exposure until furt.her rise occurs (i,e. til_the scavenging,is totally
absent). V\henevg‘?'et o4 % ?@R%ﬁé%&%?li]o?ﬂﬁa%éiswﬁfne #9Re one
can 20conf toeiel ymsed im lamoordande witlpethe present ptnvenbiont fni n t he
absence of a gi n{agfr Wy 1O |

guesti on. ?%i }%%/aﬁ%%feséﬂ)h?ep re@ %%%}H%Pﬁo#%%jﬁ%{-ﬁt %?{'/éf é‘gﬂd t he
effect of EREOFa@Mchsi@asythe man dlked bn the aart maydreadilywre |ikely)

reasonably degigeqd. ASYHOE® GHEANGM it AL Iddtddnidy t&kh @é%ieée&aﬁfl yst .
w Il not preclude_the establishnment of the |ower and upper IImts Teferred
to in (1). 3PS Rfs pRFe Acayenging MeaRurARANLS QN Gravpiateticisee |ater,

t he oxygenExampdegi7n§ox apgidss iiklesiptdcedutsar] ogednetdl | ¢ gtne after

LD, o0m neag Sy VRIS P EpFs SRl LT o

| ower | i ni compopent] may e llesa afifectimecionfanothen. sTheenging (results

on unequid blpFaled vaRidalst hayl idipdril Yt b prdisi€)grddd df ST cases, the

oxygen-scagggghgg %Ekgghéﬁﬂqor of the polymer in the composition.
It will dépend on what fillers, conventional antioxidants,
catalyst residues from polymerisation, pigments and dyes
may be present or added.

15 We do not understand fully the role which the metal
catalyst plays in the oxidation, although we regard metals
with at least two positive oxidation states, especially
transition metals, as the most promising catalysts when
added in one of the positive oxidation states,

20 particularly as cations. Thus cobalt added in the II and
IIT state, rhodium added in the II state, and copper added
in the II state have proved effective with some
oxidisable organic components. Addition in the form of a
carboxylate has proved convenient. Generally speaking, _

25 higher levels of catalyst achieve better scavenging. 1In e
the absence of undesired interactions between the catalyst
and the other components (such as depolymerisation) a
weight fraction of metal relative to the total composition
of up to 5000 ppm can be readily contemplated. We have

30 found that levels of at least 10, preferably 50, more
preferably 100 ppm of metal can achieve catalysis (the
precise level being determined by trial and error for a
particular overall composition). In wall applications (as



-'be suppressed by cooling the wall ‘or conposition. Wth 5due all owance for
the effect of changed tenperature, the |lower and upper limts referred to
in (1) can be established. Of the methods (1) to (4) above, (1) is probably
t hel nost general, although for very good naterial$:the 10experimental tinme
coul d be very Iong (e.g. exceeding onel§ear) unless accel erating conditions
were used (e.g. higher tenperature, high partial pressures of oxygen). W
bel i eve that the wal | s and conpositions_in accordance with the present
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noted that a S|mdzgennnak%fwheﬁm e naim gasteumbdd€ynial r ogen or carbon
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possible fifth nethod of” test, nanely perform ng conparative experi
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s polymer or indeed be used as the sole polymer component of
the composition (i.e. weight fractions from 1 to 100 per
cent). Higher weight fractions'may be especially vaiuable

15with thin films and/or non-oxidisable polymers of
relatively high permeability when high oxygen ingress
rates are expected.  Particularly interesting oxidisable
polymers are the poléémides, especially those containing
groups of the formula -arylene-CH7-NH-CO-, convenientiy in

20 -NH-CHp-arylene-CH3-NH-CO-alkylene-CO- units. These
polyamides are of especial interest with cobalt and
rhodium catalysts. Especially suitable arylene groups are
phenylene groups,particularly m- phenylene groups, which
may be alkyl-substituted and/or condensed with other

o 25 unsubstituted or alkyl-substituted aromatic rings.

Alkylene and alkyl groups conveniently have from 1 to 10
carbon atoms and may be straight-chain or branched.
Especially su1table alkylene groups are. n-butylene groups.
MXD6 is very suitable. _

30 Fully aliphatic polyamides are promising, comprising
-CO(CHz)nCONH(Cﬂz) NH- or -(CHz)pCONH- units
(n,m,and p being 1ntegers usually 4,5, or 6),a1though
we have so far not achieved the very good results which we
have achieved with MXD6. In general, the polyamide may



. -14- The oxi di sabl e conponent/netal catal yst conbination to be used in
accordance with the present invention in all its aspects may be sel ected by
experinmental trial and error such as the man skilled in the art may readily
5devi se. A good prelimnary screening can be achieved by neans of pure
scavengi ng neasurenents on granul ates %gee Exanple 7 for a possible
procedure). A netal catalyst that is highly effective for one oxidisable
organi ¢ conponent may be | ess effective for another. The 10 effectiveness

may depend; Ff&g t Loani o] ol ymer
in the co?rlp'g%*#%rﬁa WIP| ?iggﬁgﬁg,og‘i at%%P‘liﬁsér Eﬁqg%eg:log'{r?aﬁt o ~
anti oxi darfielatked attyst-h@esomeg Presugsryse ofs & isdmple pedvanidel dyes may
be present(pre 2ddssmpdinds hi¢ifg AL 18R8Y TwdAnlid Yyridtpg Yex Whi Ch the
met al cat al yst Lgys I n t he oxidat|on, Ithugh mﬁé%@iard metals with at

| east two ¢ togethepwith & Psésgéyi&ﬂiftt it™® nmetals, as the
nmost pr ogiocu!rlgpxwl;iad: ystde@eappddpéanoaaeua{e,t batdmﬂjddaaﬁ:hbsﬁwatoaolnl |

st at es, u on us,.cqhal t ed in the n

state, rh %gﬁﬁ#yﬁgfﬁﬁay 's?&t gf’%ﬁd%@o é‘% e?c?%ed’qnnt ﬁ#‘e th% state have
proved ef fpzkymer (%t fotmak predusabre widdnibe emghoneBoweveii ta on in the
formof a I rQv Niygn . 10,3 2D hi gher

| evel s of %ﬁ%ﬁt%&%@%abgt fﬁgxrlsggé erkl,gi %&iﬁ%ﬂ%@%ﬁﬁ?&ﬂ? iunzndesi red

i nt er act | AELMRIDER (WORE, cBughy 8t PRAYTER: POTRAPS. HeiNg%k Nse

depol ymei siité Opd1 pméei8hbohpanibhen ol the! dompdsditivam .t 0 Evem tigf auch
conposition ofsup t 0 5080 p8n1can Eg readu cont empl tsﬁ. have 30f ound
that |evel® G158t BQUEYeL( OB FEPIR $XBE eqﬁ’rcgf%éf% R, ppm of metal,
can achi evecompdsl ybos 4t bencentration of ~CONH- linkages similar to
that which one would use with MXD6 - i.e. concentrations
of -CONH~ in the total composition of at least
150.08 mmol/g, most commonly up to 0.6 mmol/g.

From a purely chemical standpoint, non-polymeric
amides are attractive as oxidisable organic components.
Non-polymeric compounds containing a group or groups of
the formula ~alkylene-CO-NH-CH2-1,3-phenylene~CH2-NH-CO-

20 alkylene- are of interest, especially with cobalt and
rhodium catalysts. The above comments on alkylene and
1,3-phenylene groups, made with reference to polymeric
amides, apply here except that n-butylene is not so
convenient if an alkylene group is terminated by H. An

25 example of such a non-polymeric compound is
n-C3H7-CO-NH-CH-m-CgH4-CH2~NE-CO-n-C3Hy, which in the
presence of cobalt we have found to scavenge oxygen well,
although its suitability for use in accordance with the
present invention needs of course to be determined by

30 trial and error in a particular application.

Other non-polymeric oxidisable compounds are also of
interest, for instance conventional antioxidants including
substituted phenols, especially 2,4,6-tri-(t-butyl)phenol.

Subject to the above preferences on physical



~'precise level being determined by 'trial and error for a particular overal
conposition). In wall "appliications (as opposed to naster batch

appl i cati ons where nore catalyst is used) we have preferred to keep the

| ekel of netal bel ow 300, “nore preferably 250 pprd#idn general, where the
aimis to nodify a 5non-oxidisabl e pot¥fer so as to forma mall havi ng
scavengi ng properties the weight fraction of the oxidisable organic

conponent is likely tolie in the range from1l to 7 per cent. However,
where t he N%%%MW%WW%YPPQI Pssdpép§=ﬁé'ﬁln9h§ﬁ ttherray, 10
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proportion n oxi dj sa ol yper _or i ndee as ,the sole

pol ymer co%ﬁ Qé#ﬁﬁﬁ fh%% (18 s°ﬂ%l§ﬂ?cffé€tFBﬁ%bFF69P1°Fb 100
per cent). tmagﬂuavengiﬁg sy siosm oors ahyebeuﬂtpvardliutéahuabbﬁ 15amt h thin
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formul a - amet@n®- [cadal théxgkﬁﬂﬁéiﬁﬁybf”tﬂg oxidisable organic ,
[err]-aryl ene- err NFLCI>a,kerne CO units., These g f an1§es re of
_especi al i FOBPRIENE)ih RufhAn "HKF9Ho FORFREE I sPEodueEec Fhe| jevaltabl e

aryl ene gr awes mlmyeaﬂvﬁrmcnrmw&alﬁlyswlﬁiirYbQ‘raﬁhEé&hEn agt@dP3y Which
oyl < sl Por AR nY, Thel HiEy YR AR St #adt fETeq oune convent ent Iy
have from 1l to Bolcmelmn (a&m]almb neefy doee sor amaphe - phiahalln')c acadshed.
ﬁifecial|ywi%ht%Bbeo%“ﬁﬂfﬂ“%éBéﬂﬂEséﬂﬁbéﬁ&&%yé5ﬂ@hﬂﬁPH85at least two
| alcoholic hydroxy groups per molecule can offer fair
impermeability in the absence of scavenging. Preferably,

15 the permeabilities should be less than 6.0 cm3 mm/(m2 atm
éay). Phthalic acid polyesters based on terephthalic or
isophth;lic acid are commercially available and
convenient; the hydroxy compounds are typically ethylene
glycol (which may yield diethylene glycol units in situ),

20 and 1,4-di-(hydroxymethyl)-cyclohexane.

In general, the phthalate polyestér may include
polymer linkages, side chains, and end groups not related
to the formal precursors of a simple phthalate polyester
previously specified. Conveniently, at least 90 mole

s 25 per cent will be terephthalic acid and at least 45 mole
per cent an aliphatic glycol or glycols, especially
ethylene glycol.

Polyolefins blended with a scavenging system have
been found to work, and by lamination or coating with less

30 permeable material walls of interesting overall barrier
properties should be achievable.

The composition may, as previously mentioned, include
other components such as pigments, fillers, and dyestuffs.
Usually, the total quantity of such components will be



‘MXD6+is very suitable. 30 Ful Iy aliphatic pol yam des are prom sing,
conprising [err] NH or [err] units (n,mand p being integers usually 4,5,
or 6),although we have so far not achieved the very good results which we
had@ achieved with MXD6. In general, the polyam de may i ncl ude pol yner

| i nkages, side-chains, and end groups-h8+ related to the formal precursors
of a sinple polyam de (i.e. conpounds having at |east two am no groups per

nol ecul e together with those having at |east two 5carboxylic_acid groups
per nol ecull@ssolthan Aty Roxe i usvally)lessnthanchidy ybyaWedgh$t 90 nol é per

cent of theQARR 't ItHdBIhFLECLomP6S1ivibh, be such. However, a pol yn®t
including a mnarity of am de || nkages uld in principle wrk, such a
pol yner perhapsqﬂﬁﬁ&fxﬁﬁﬂpﬁﬁyh¥@hl es *@n oF?ﬁeBPcogoEﬂBﬁGﬁPEof t he
conposi ti oimportande It tive Closeis hofcyar, erperimahtscrpedatieoinetiudae in

one woul o G0 BRTEEY (e Pelteakedts, baltdPeReriiofl FRabEEpal"
conpositioweﬁhﬂﬂvd(tnnthgﬂtdﬁalnmbmgoshb$ond0nnDnIy up to 0.6 nmol /g. From
oo Sab 8" oo T OSSO
or groups Of Pedvekhiiene texephtbalate and/prcaypai¥anidentaken
20al kyl enetogletheir ianideWian@saegéahéabmw?cebabkygad bfodbdnmeekal ysts.
The above mrent §..on_a kyl enesand 1,.3-phenyl ene groups, made with
referencéoggaﬁb&ﬁhﬁ|?Faﬂ¥H§§? aﬁﬁ?ydﬂ%ge except that n-butylene is not so
convenient if amoﬁdqﬂﬁtﬁnq;cn¢ntaimémgiaatkdaby 8D% Aof polyethylene
terephthalate, preferably 95%, and having a permeability ~’
to oxygen of not more than 0.3 cm3 mm/m2 atm day), and
preferably not more than 0.1 cm3 mm/(m2 atm day), and more
15 preferably not more than 0.03 cm3 mm/(m2 atm day),
preferably at least 0.5%, more preferably 1%, and also
preferably less than 7% of the composition consisting of a
polyamide; and '
compositions comprising at least 90%, preferably 95%.
20 of a polyamide and having a permeability to oxygen of not
more than 0.01 cm3 mm/(m2 atm day).
The composition provided by the present invention
or used in walls provided by the present invention is
preferably formed by mixing the metal catalyst with the
25 other component or components of the composition all
together or in any sequence. The metal catalyst is
preferably added in the form of a solution or slurry.
Conveniently, the mixing includes or is followed by
melt-blending at a temperature appropriate to the
30 components, commonly in the range from 100°C to 300°C.
The blending may immediately precede the formation of the
finished article or a preform or parison, or may be
followed by formation of feedstock for later use in the
production of the finished article. We have found



+25exanpl e of such a non-polyneric conpound is [err] which in the presence

of cobalt we have found to scavenge oxygen well, although its suitability
for use in accordance with the present invention needs of course to be
deﬂernined by 30trial and.error in a particular gpplication. O her
non- pol ymeri ¢ oxi di sabl e conpounds arel@tso of interest, for instance
conventional antioxidants including substituted phenols, especially
2,4,6-tri-(t-bytgl)phenol. Subj ect to the above preferences on physica

-17- _properadditionm-oki catabyst pbnyrhesrange afcdfditey 259+t he present _
i nvention idspddid ity 5PoEs S266) PEmCBOSBE Wbhbehiihtf.r eedom unless there

I's sonme specific inhibjtio stem or ot her untoward

_ n of the scavenglng Sé
interaction. |n e roftdarion:satalyal BaY bE a8drdnte theemenomarg e g. if

t he non- oxifHca Wieidlv| ofer of OfibBé NPoBPmELL 8! v6inpbAShEsevfMal al s cat al ysing
t he oxida%ion of 1he oxidisable orgggic ﬁ nBo&gnté; agt in_current
commer ci al” SRR S IR A TR RRES o BAHREE) ﬁa obPiRE’ pded. a8 PreResede at
| east part iabidwe lih @isxbesghent helendingr steguesCheazdyi,t ifethePol yners
(formal ly) '#HE? . | Ci ] e gar ounds
cont ai ni ng dg{l eascEH t%%g%%%%ydrgﬁ&%?gﬁgg Hgﬁhﬁﬁgc%egc@%% ofter
fair inperRatfihe tgolyperisapioncprocess atbayi kyispmayebabrp, 15 the
per meabi | i tdtasrahoitdl dpeides thaneRe Och€aist ThéavEerBt Bel hes3Etd
polyester%aﬁgzed on terephthalig¢ or |soghthallc acid are connenclagb%
avai | abl € it erization QL t3npbuheashrparyiatdl PodspRedne
gl ycol (whibgh tiey wsud s&@@yimlnﬂ:glyGDirmdﬁisstiﬁnsi(hB) may be the
case with cobalt and polyethylene terephthalate '
production), then modification or careful selection of
polymerisation protocols will be necessary. '

LN

15 In some systems at least, the scavenging properties
do not emerge immediately after the blending, but only
after ageing. This may be because catalyst species have
to migrate to relevant sites in the composition because it
is incorporated so as to be present in the "wrong" phase

20or because the relevant sites in the oxidisable |
component to which they were attached during processing
were very largely oxidised during processing, or because
a slow initiation is involved, or for some other '
reason. Prolonged ageing at ordinary temperatures, or

e . 25ageing accelerated by elevated temperaturés, are in

principle possible but are costly. However, the higher
the level of catalyst used, generally the less ageing is
required. Indeed, we have achieved very high barrier to
oxygen so soon after fabrication of walls that any delay

30is comparable with or shorter than the normal time -
required to equilibrate the wall on the OXTRAN macﬁine;_
and is unlikely to impose significant cost penalties. . In
éeneral, one would seek to achieve high barrier within 30
days,preferably 20 days, and more prefefably 10 days, of



20 and 1, 4-di - (hydroxynet hyl ) -cycl ohexane. In general, the phthal ate

pol yester may include polyner |inkages, side chains, and end groups not
related to the formal precursors of a sinple phthal ate pol yester previously
sgecified. Conveniently, at |east 90 nole 25 per cent will be terephthalic
acid and at |east 45 nole per cent ar2@&i phatic glycol or glycols,
especially ethylene glycol. Polyolefins blended with a scavengi ng system
have been found to work, and by lam nation or coating with | ess 30perneabl e
mat eri al wwd:yaﬁl|b&xng§£ahgxoabedllfbahelualprépestpcsdsn&uﬂd°ﬁe =

achi evabl U previ ously nmentioned, include ot hef’
g Lﬁ‘?*‘és‘"‘%f’fﬁ“ﬁ@?i@fs

conponents su and dyestuffs. LBuaIIy t he total
quantity of sudfe 0w opnsider briefly: the packagdpg usual Iy | ess

than 5% it iivied Wi | #6rmhong eevlial queaTBEAL! kD1 BeTRRBIrbLRAS LI Ch we
think ma ? of, _especi al ortan 8 r exper nts to date
i ncl ude thQ(Rﬁ?ﬁf??[gbﬁﬁﬁﬁ ﬂ?aéésuﬁé S°Fh8° ﬁngrang
reI?tivg”hhdfuxidﬂsdbxéﬂﬁxgaﬁienéomponan8|usonenfpumymerdg it hﬂgSL 90%
refera %, O epht (o] ' aken

Itooget her 11?3'5 ?atwgni %i%b?ff%gé §Ho§§ enggﬁgggt Eﬁghm%‘g?hgg 01 [err]
at m day) ; e@nqnxaklxnnncxhaatqnpgratureasthgs@mav bel psedyifnghe

terepht ha'c%mg, rﬂ{ef@bé%w?f/xeandrﬁfg L1 %uesr{mh' Lftf)écfnotwgen of not

%ew er

nore than O atm not_nmore than 0.1 [err] atm
day), arf ﬁﬁﬁ“@?ﬂ??ﬂeﬁ%ﬁ%&ﬁ?ﬁnﬁ?a 1x Pﬁaﬂa €53 FBFFF'aPHFﬁﬂfff the

composition used comprises oxidisable polymer plus
catalyst, or non-oxidisable polymer, oxidisable polymer, ~
plus catalyst, then the forming technigques and structures
can be expected to match those appropriate to the
15 oxidisable polymer or its blend in the absence of
catalyst; the quantities of catalyst used are likely to be
too small to have much effect on mechanical properties in
most cases.
Among the techniques that may be in question are
20 moulding generally, injection moulding, stretch blow
moulding, extrusion, thermoforming, extrusion blow
moulding, and (specifically for multilayer structures)
co-extrusion and lamination using adhesive tie layers.
Orientation, e.g. by stretch blow moulding, of the polymer
25 is especially attractive with phthalate polyesters and
their blends with MXDé because of the known mechanical and
(in the latter case) barrier advantages that result.
In the discussion of wall structures according to the
invention early in this specification, the design
30 considerations relating to the barrier properties were
referred to. However, there are more general
considerations, familiar in the art, which will be taken
into account in practical applications.
One such consideration is rigidity. If a plastic

——naas . e e 4



preferably at least 0.5% nore preferably 1% and also preferably |less than
7@6of t he conposition-consisting of a polyan de; and conpositions
REEISIng at least 90% preferably 95% 20 of a pal yam de and having a
ability to oxygen of not nore than 0.01 [err] m day). The
conp05|t|on provi ded by the present imA%ntion or @sed in walls provided by
the present invention is preferably formed by m xing the netal catal yst

mnth the 25 ot her conponent or nponents of the co n_al|. together
any SeRtadBer ifetoels Q%Q% SPRPQLE ife %ﬂnégéﬁ%edt hg formof a

sol ut i’on Othibuhé}és oEnhe wallly.ist NAKELY g i Micd urhestmae mmgel Eoomd by
nmel t - bl end| enperat ure appropri nly in
t he range ?B§n1 39? P oEt FHngS% é%éiﬁfﬁéﬁg precede %?ﬁ%?non of
the fini shed asthbmierxgxﬂﬁefoMona'ﬁigxkhie nack&gﬂ&ga#t#¢@#@neey

formati O%Véhﬁavggfsh%g E:%kfafa‘%re '3. ‘i‘cél ttﬂ? ﬂ@%i?“tﬂicﬁﬁésél fhshed

article of catal yst he range of 10 to
250, espethEIFaagetérgvozopﬁmtZQQMBN&QﬁRﬂﬁQﬁR Qm Qﬁﬁ*on catal yst may

be added tgtkijetiRaamare fr@qu\uaqhdwmx rm{aawlwrepmvw@ponwta of a5

conposi tion_are, ma t her ,than bein d as, osed above
suggequent BI"Bnaﬂ'ﬁg‘i?t fe@té'é(ﬁ Vot al“%e 3? %’h S VTP %%ﬁ'ﬁér

i nterfer esby mechanicalalyf eupedtinr e gheaper issidtoivglygeesrt hen this may
be an aiﬁ;?%%hnggptlon If the catalyst interferes or assists 10with the

pol yneri sa i*s at | east partlal{g poi soned
Another conSLderatlon s the requirements for bonding

of the wall made in accordance with the present invention.
For instance, an extra layer may be added to a sheet so as
to permit heat sealing to complete a package structure.

15 A further consideration is the protection of the
oxygen-scavenging composition from the package contents or
the envxronment if direct contact causes any difficulties
(e.qg. undesxrable chemical reactions or leaching). 1In
such a case a protectlve layer will be provided on the

20 appropriate side of the layer containing the
oxygen-scavenging composition.

For the avoidance of any possible doubt resulting
from the two sets of design considerations for multilayer
structures, three such structures for walls according to

et 25 the present invention will now be described, by way of

illustration only, by reference to the Figures 3 to 5,

each representing schematic sections (not to scale)

. . . ~. . of multilayer walls according to

the invention.

30 In Figure 3, layer 1 consists of a blend of a first
polymer, an oxidisable organic component, and a metal
catalyst. Layers 2 and 3 consist of a second polymer
having a permeability much less than the permeability of
the pure first polymer. The overall permeance performance



. by the usual steps in the polynerisation (as may be the case with cobalt
" and pol yet hyl ene terephthal ate production), then nodification or careful
sel ection of polynerisation protocols will be necessary. 15 In sone
sygptens at |east, the scavenging properties do not energe imediately after
thé bl ending, but only after ageing. J§ys may be because catal yst species
have to mgrate to relevant sites in the conposition because it is
i ncorporated so as to be present in the "wong" phase 20 or because the

(rjelr 'e\rllgn;r zgge%hﬁnw&g?eqﬂr. I ar%éf oxI di s%fjﬁ%vﬁﬁﬁn@ 6$]e%e§\§ﬁ%l@l%?§ggg; se
ur i | very y Oxi di ur | | u
a slow ini ?’Piii of ithe same, qompasition Aj layers rzag‘b‘ijﬁ”c')l 8ﬁg%d agei ng

at ordi na_r;i_hgllmen.atym:e_ ls:,alq.r ob & @fﬁ@ﬁpﬁm&yhﬁ eVayet! lﬁnplerat Iurefs,
are 1n princip passlnl e pbuly are costly, ver. _thne ef the level o
catal yst used, ggngj'gl“?f tﬁgeaﬁ,yfg gge‘f?%sjligﬁﬁﬁﬁ%a‘?x*ﬂggﬁiem have .
achi eved ¥ po}ymegh apdr ai @etad watalysh andbakinerwéwbd i haveom béwwal | s
that any d S C I i r r |

required tghgéﬁlg icllgfat g'g?%rera\t?\iaﬁwo%&% ﬁgeh%{l %%%%‘25@%% ?%éu#faﬁel y to.
i npose si ghBf PURROLEES biedavers 2 andchohia neR-opidisable pPel¥mareve

hi gh barri ghight GoNnd® @yPificRinllly il sthaper@ésndsef erably 10 days,

“on. . ; : 2
o et v 1B Bl Wl o0 L dhedold dnehel e Focefnd S0
and for mMthpollgmeri,qand oxiddisiable ompmiapreanporemte) and preseal i nvention
I's used fOEaE§i§§Qi.ngIt\§h%req:meance is low and it could be

economically used at a thickness appropriate to the ~

proposed use. However, layer 1 is protected from

undesired direct interaction with the package contents and

15 the environment by layers 2 and 3 of a second polymer
which do not significantly reduce the permeance.
The present invention will now be further described,
by way of illustration only, by means of the following

Examples and an Experiment.
20



+'t he oxi di sabl e organi c conponent i's non-polynmeric it may have a significant
effect on the form ng technlques used, especially on the tenperatures that
may. be used if the conponent is volatile. This in turn will affect the 10
stfluctures that can readily be made. Were, however ,: “the conposition used
conprises oxidisable polyner plus cataR$st, or ndn;OX|d|sabIe pol ymer,

oxi di sabl e polyner, plus catalyst, then the form ng techni ques and
structures can be expected to match those appropriate to the 15 oxi di sable
pol ymer or its blend in the absenBXAMPLESt 3| ot 3 t he quantities of catal yst
used ate likely to be too small to have nuch effect on mechani cal

properties in nost cases._ Anong the techniques that nay be in question are
20 moul di ng gencfhe |Waterials Bﬁeﬁo&PthﬁsesFF‘éﬁ'Elleﬁl &'ﬁrﬁmﬂfdltﬂ'lf

extrusion, df&&@@fQpé%ﬂﬂleﬁxbéﬂéw9ankeWbEDuth&ﬁatiaﬁ wage Obtadaldg/ for

nultllayer structures) co- extrusgon an am_pation ¥S|%gﬁadhq5|ve tie

| ayers. O iRhtSNF (AW Jneasyremepts Qr), 5@” LdPAGULEF UTELFol yrer 25 i s

especially biterature, W th phthal ate polyesters and their blends with MXD6

because ofythe gigype FRoNaAL ogb:BAflehhiathe L2bie s6B%C) Ak reir gdvant ages
at result. In

i nvention &4y Thishis ampelynent o6nethydenesigdvcedcwithder ations rel ating

to the bar ra&e@s%ié egcgre 1efghscdolfia ERVRYREA1hNSSC ok L tener al

consi derati ons jar 1n the art, whi be taken in account in

practical 0| PRBFRHLUM 28 SPER EBﬁ§PH€FH§Poﬁnﬂs3?|QP&IF?tlmP“X'plastlc

-21- with <1 ppm of copper, germanium, iron, manganese, and
10titanium.

MXD6, grade Reny 6001, from Mitsubishi Gas Chemicals
of Japan. This is a polymer of meta-xylylenediamine
HoNCHo-m-CgH4~CH2NH2 with adipic acid HO9C(CH3) 4CO2H.

Cobalt Siéc&tel,-from Akzo Chemie ("Siccatol™ is a

15trade mark). This is a solution in white spirit of
Cg-Ci10 cobalt carboxylates. The concentration of cébalt
(as metal) is 10% by weight relative to the solution.

Granules of the polyethylene terephthalate and of the

MXD6 were mixed by hand in a tray together with the
20Siccatol solution in the relevant proportions. The

mixture was then heated at 100°C for 18 hours in a

recirculating dehumidified air dryer (this to remove water

o from the two polymers so as to avoid degradation in
' injection moulding, as well as incidentally driving off
25unevaporated white spirit).

'The mixture was then used to make a preform for a
one-litre cylindrical bottle The injection moulding was
performed on a Krauss Maffei KM 150 machine. The mass of
the preform was approximately 33 g. The preform was then

3oreheated and blown to form the bottle with biaxial
orientation (i.e. circumferential and longitudinal
orientation). For this, a Corpoplast BMB3 stretch blow



.container is to be self-supporting when enpty, then the thickness of the
wall is likely tolie in the range from 200 to 500 m cronetre; such
containers are often referred to as "sem -rigid". Mre flexible packagi ng
striuctures 5 such as neat packs are likely to have wall thickness in the
range from 20 to 200 m cronetre. \Wer<24-hick structures are required, one
may choose to provide only a thin highly effective scavenging barrier |ayer
supported by nechanically superior or cheaper relatively poor 10 barriers.
Anot her coRondddiag machd nehwas: nednefhe fhotbbedhad afwabk wal | nmade-in
accor dancetWitkne8 RECPEN! mmlvention. For instance, an extra |ayer may- be

added to a shee SO permt he sealing to_conplete a package
structure. Fi¥ gGFFﬁ (Héﬁﬁ|Qﬂ#|§9§?ﬂ§pﬁ?ﬁé@¥¥iﬁpof t he

o?ygen scapemgeagceomoant mll‘rn‘pﬁ)mdd‘rﬂwclw Cmrliciiﬁd& lruééﬁn em(élf onnent

i i rect n t capse iC tles . undesirabl e cheni ca
reactlonssgg gé&hl%ﬁ% %Pﬁaéﬁi? éﬁﬁéhnw%% €138 fehi PRt be provi ded
on the 20 apﬁléprlanethnée8@bdﬂﬁid&gknncontalnlng t he oxygen- scavengi ng
conposi tion. Fopekhs w4fied P c{*&g ggﬂ% fefromthe two
sets of degpgn cgn5|de§gtb| ?Qﬁ‘f&fme%ﬁﬁ ayer @% ructures #wee such
struct ur esPPEF1RahRE beedr Banpfastured,e fhncketvween ckesth, \Ehe now be
descri bed, bbytley werel stored withdir BOtH ofl e Cadd® é&'@._ Fegenes 3 to 5,

h h I [
accor ot NI EBSERBARRTand, R gave T g S8 cfan Lo neddt] of o bl end
of a first pqh#hebra&asdxfdoma&hs(utpruqe(nbnﬂimiunsznukpbsﬁaatoCﬂhdlyst
Layers 2 aQ@mgsgﬂﬁi*Fs'ingEd@ IR S Hnd Ve SRELEHPL! 1ty much Tess

t han t he perneabl
The varxous compositions and the test results

obtained are set out in Tables 1 and 2. The permeances per

15unit area quoted are calculated from the OXTRAN result on
the basis of an oxygen partial pressure of 0.21 atm and a
bottle area of 0.0575 m2. Py = O indicates that no oxygen
transmission was detected. The bottle wall being
essentially uniform, they may be converted into

20permeabilities in cm3 mm / (m2 atm day) for the material
by multiplying them by 0.3.

For comparison, in Table 2, are also listed the Py
values observed (or calculated from reported Py values)
for similar bottles made from the same polymer components

25 in which the oxygen-scavenging effect is absent (no ~
addition of cobalt). These figures are approximate, but
the spectacular character of the effect is immediately
evident from the comparison.

The results of Examples 1 and 3 are plotted in Figqure

302.

' A rough calculation for Example 3 based on

the comparison Py figure indicates that at the time of the
last measurement the bottle will have scavenged at least
0.9 mmol of 032. The bottle contains only 0.1l mmol of Co,



..the pure first polynmer. The overall petneance perfornmance -22- of the
wal | is-narkedly-s&petgdrﬂto that of a single-layer wall of the sane
conposition as layers 2 and 3 or of a single-layer wall of the sane
coggosition as layer 1. I'n Figure 4, layer 1 consjists of an oxidisable 5
pol ymer and a netal catalyst and al one-28ul d have'a | ow perneance. Layer 1
is too thin for the proposed use and is supported by layers 2 and 3 of a
non- oxi di sabl e pol ymer which do not significantly reduce the perneance. In -
Figu;ﬁ 5, | epeablishiagsthatf theblcwbhld furdctidnd Capad yextalpst bmi di sable
orgafit co e n l, .C I _Jdts perneance is lowand it could
be econoniggﬁgygéggg gf%gq?h%& nef%égﬁgﬁﬁﬁiate to the proposed use.
However, |ayer 1The Brempldesdshoymtivatasinawitthstandingraemeéon with the
package con ] 5 virmgfay s/ 5¥§h : 4 S

pol ymer whi gﬁgggbgg? tgi SIFT?’? i?%g‘ntslay re ucf;eytilgy%ea:rrré%n e.él"rﬁ:ieo‘g'r e?é%?g

i nvent i on S8l anbropd pepikdvedeorriedatian hekwesn ithe extenpard|y, by

means of thgutatiew BE EraVBheind dnd tREUdvEIY o2 both -Afe EXAWPLES 1 to
5 The naterlaha.USET i n_these Exanpl es .wer f. the gr dQ§;speC|fred bel ow.
Furt her inf S¥RELPBRIGCTEBRAC, EQTRPRGRE tﬁﬂﬁnﬁ§§%§h§'br fromthe

manuf act urers'



literature. 5 Pol yet hyl ene terephthal ate, grade BO9ON, fromICl of UK
This is a polynmer of ethylene glycol with terephthalic,acid. It was found
to contain 35 ppmcobalt, 25 ppm sodium 38 ppm ph'bsphorus, and 32 ppm
ant{ nony, with <1 ppm of copper, germanium .iron, rranganese, and 10
titanium MXD6, grade Reny 6001, fram@dtsubishi Gas Chem cals of Japan.
This is a polyner of neta-xylylenediamne [err] with adipic acid [err]
Cobalt Siccatol, from Akzo Chemie ("Siccatol" is a 15 trade mark). This is
a solution in white spirit of [errjaBEialt carboxyl ates. The concentraij on
of cobalt (as netal) is 10% by weight relative to the solution. G anul®s of
t he pol yethyl ene terephthal ate and of the MXD6 were m xed by hand in a tray
t oget her WEXAMPLE }WEISGHT:RRAGEHIQONS COF i n |t NSTORAGRBant pfr TEMEt INNDAYSThe

‘m xture wagat hen h f 8 hqursay ir i ng
dehum di fi gg'ai r df?/g?j t‘ll'ésﬁ%ﬂsr e‘?rgol\;/% \Naﬁeré?i?g]r:nf%gggtmlgﬂkpg#%ners so as to

avoi d degradation { RELNTIME 0 MOFAL ng, ds wel | as i ncilCSANEFAGTHREY ng
of f 25unevapor at ed| papjaneEpirit). The m yture was then ugpdpipsgrke a
preformfor a one-Li tre cylindrical bottle The injecti onI moul di ng_was
performed on a Kra %‘*e"l!‘w 150 nachi de. The nass ofl ¥RASPRENENT, was
approxi mately 33 g| TERERHTHARATEVAS then J0 reheated and b*ownoto formthe
bottle with biaxiaf orientation (i.e. cirqunferential a ongi t udi nal
orientatio i

| "EIGHT | WEIGHT | |
| FRACTION | FRACTION | |
| MXD6 | COBALT | | ~
I | AS METAL | |
l I l l
1 | 4% | 50 ppm | 23°C | 10
| | | 50% R.H. |
| | 1 |
I I I |
2 | 4% | 50 ppm | Uncontrolled | 3
| | | storage |
| | | cooler than |
I I I 1 I
| 1 [ |
| | I |
3 | 4% | 200 ppm | as 1 | 3
I I I |
| | | |
| | I I
4 | 2% | 50 ppm | as 2 | 10
I | | I
| | | I
I I | I
5 | 1% | 50 ppm | as 2 | 20
I | | |
| | | |




--hDuIdlng nachlne was used. The boﬁfiezha"a&mall thi ckness of 0.3 mm Five
bottles were nmade- and tested for oiygen per meance on an OXTRAN machi ne

10/ 50 A made by Mdcon’ I'nc "Sof " USA. “The conditions of the tests were as set
outlearlier in this specification. Tests mere perfornmed at various tines
after the bottle had been manufactured=27m between tests, the bottles were
stored with air both inside and out. Each 10 test.#asts 3 to 4 days until
the bottle (as is usual) "equilibrate&" fromits storage conditions
(exposed to the atnosphere inside and the test conditions. The

vari 6us conpositions and the test results obtained are set out in Tables 1
and 2. The per nces 15.unit_are ted ar al ed fromth
OXTRAN result on B§§I‘§ gf'vﬁﬁ Myﬁgngggﬁ i%aFfS'Fésgﬁ' oGS R Bnd a
bottl e arexHfPy. =@505a1[1éra]comparn.adncBWe:tnbhat:anengx.ylgen floraBxampdiesn was
detected. THhe <g tle wall being essentially uniform they may be converted
into 20 pernea ities in [err] atmday) for the material by nultiplying
them by 0.3. For conparison, in Table 2, are also listed the [err] val ues
observed Uxmgutpmlplggsérgggﬁgagrted [err] val'ues) for simlar bottles
made from the sanme pol yner comnponents 25in which the oxygen-scavengi ng
effect is absent (no addition of cobalt). These figures are approximate,

but the spectacul ar character of the effect S innediately evi dent fromthe

conparison. ,The results g 2&?02 A
rough calculatlon for anpléanahased n tﬁea§ L?EQ [EPS] I

i ndi cates timat at the tilme ofl the Ilast neahurenenl t he bottle Wil have
scavenged gay east | I | | I O

et

|
Py in |
cm3 o
(m2 atm day) | 0
' I
Comparison Py = 3.0 cm3/(m2 atm day)

I I I
I I I I I
I I I I I
| o |o0.016 |o.6 | 0.8 | 1.2
I | | I |

EXAMPLE 2 test results

Comparison Py = 3.0 cm3/(m2 atm day)



., 0.9, mol of 02. The bottle contains only 0.11 nmmol of Co, - 25-
establlshlng that the cobalt functions as a catalyst in the sense

previ ously described. The Exanpl es show t hat, notmnthstandlng some
vq;iability bet ween sanples of simlar conpOSItlon there 5 is a broad
positive correlation between the extent and duration of scavenging and the
| evel s of both the oxidisable organi c2&nponent and the catal yst. - 26-
TABLE 1 EXAMPLE WEI GHT FRACTI ONS OF STORAGE TI ME | N DAYS No.

RAW MATERI ALS USED CONDI TIONS = FROM RELATI VE TO TOTAL

MANUFACTURE BALANCE TABLE 2 (continued) or FI RST POLYETHYLENE
MEASUREMENT TEREPHTHALATE I | [err] 0 VEI GHT

WEI GHT FRAgllgg FRACTI ON MXD6 COBALT AS NETAL 4% 50 ppm
23C - Mlts 4% 50 ppm  Uncontrol |l ed

3 storage cooler than 1

I I I I I | I
t | | I I | I I
in | o |31 | 64 |112 | 157 | 210 | 277
day I I | I I I I
N 1 I | | | |
| I | | | o
Py in I I I I | | I
cm3 I | I I | | I
(m2 atm day) | 0 | o | 0.009| o0 | 0.03]| 0.02| 0.02
1 | | I | 1 |
Comparison Py = 3.0 cm3/(m2 atm day)
EXAMPLE 4 test results
t I I I I
in | o | 125 | 185 | 200
day I | I |
| 1 | I ~—
Py in | | l |
cm3 I I I I
(m2 atm day) | 0 | 0.95 | 1.3 | 1.4
| |

1
Comparison Py = 3.8 cm3/(m2 atm day)




.3 4% 1200, ppm “as 1 | 31

| 4 2% - - .50 ppm as 2 : 10 5 1%
50 ppm as 2 20 . -27- TABLE 2 This table gives [err] at
ti t after first neasurenent of [err] = O and a conparison [err] (no

scavenging) for Exanples 1 to 5. EXAMPLE 1 test results t

24 -1 57 1105 1150 1 203 1 270 in day PWin [err] (nR atm day) 0 0
0.016 0.19 0.6 0.8 1.2 Conparison [err] = 3.0 cnB/(n2 atm day)
EXAVPLE 2 test results t in -29- 135 192 207 day [err] in [err]
[err] .at m day) 0O 0.025 0.3 0.35 Conparison [err] = 3.0 cnB/(n2 atm

day) - 28-
TABLE 2 (continued)

EXAMPLE 5 test results

|
‘Comparison Py = 4.2 cm3/(m2 atm day)

t I | I I
in | ol 115| 175] 195
day. I I | I
_ | | I _
. Py in I | | l
cm3 I I I I
(m2 atm day)} 0 | 2.7 | 3.1 | 3.3
B | I
cm



- TABLE 2 (continued) EXAMPLE 3 test results in . .0 131 1 64 1112 1
157 1 210 1 277 day PWin cnB (nm2 atmday) O O . 0.009 O 0.03

0.02 0.02 Conparison J[err] - 3.0 cnB/(n2 atm day) EXAMPLE 4 test results
t {in 0 125 185 200 day PWin [err] [err] atm day)
0 0.95 1.3 1.4 Conparison [err] 3.8 cnB/ (2 at m day) - 29-
TABLE 2 (continued) EXAMPLE 5 test r lts t in 0 115 1

175 195 day PW in [err] ([err]¥at day) 0 2.7 3.1
3.3 Conparison [err] = 4.2 [err] atm day) - 30- ~

EXAMPLE 6 -
This Example illustrates the use of a master batch.
‘MXD6 and Cobalt Siccatol were mixed and injection
moulded into preforms. 2000 ppm cobalt as metal was used
by weight relative to the MXD6.
5 The preform was then granulated to make a master
batch of granules. These were then mixed with
polyethylene terephthalate to make further preforms, and
these were blown into bottles the same day. 6% by weight
of master batch and 94% by weight of polyethylene ~
10 terephthalate were used.
The procedures were as described in Examples 1 to 6
save that, of course, polyethylene terephthalate was
omitted in the first stage of the above procedure and
Cobalt Siccatol in the second. :
15 The bottles achieved a Py of 0.002 cm3 / (m2 atm day)
within 2 days.



- EXAMPLE 6 This Exanple jllustrates the-use of a master batch. MXD6 and
Cobal t Siccatol were m xed and injection noulded into preforns. 2000 ppm
cobalt as netal was used by weight relative to the MXD6. 5 The preform
wasit hen granul ated to make a master batch of granules. These were then

m xed w th pol yethyl ene terephthalate to nmake further preforns, and these
were blown into bottles the sane day. 6%)b_y wei ght of master batch and 94%
by wei ght of polyethylene 10 terephthalate were used. The procedures were
as described in Exanples 1 to 6 save that, of course, polyethylene
terefhthal ate was omtted in the fi@ghM@&ﬁgq'Of t he above procedure and
Cobalt Siccatol in the second. 15 ™~ T1he pottles achieved a [err] of 0.002
[err] atmday) within 2 days. | -31- EXAWPLE 7 This Exanple directly

illustrates the @ﬁ@yenﬂamgler aﬁebbrtqgr Qﬂlﬁﬁﬂmés e | Soaearnd tngice vvn th
the invention g ggnenc he pro edtgles on.ter@grature A
preforn1ma§95g5%r éeﬁeg BEROSY E?&ﬁpﬁ&;§f Faange With W¥ee ingredients,
but the wei ifnvehtidon candothiXBépandenaeaicf (the propartcidmsors) were 2% and
100 ppn1res€&ﬁéé¥§L¥¥eThe preformwas granul ated and 25g sanpl es were

10seal ed in fhree 60 cnB vials having a septum through which the
head spac® gas chubreferwawpbscmadghas described in Examples 1 to 5

with the same ingredients, but the weight fractions of
MXD6 and cobalt (on the same basis) were 2% and 100 ppm
respectively.
The preform was granulated and 25g samples were

10 sealed into each of three 60 cm3 vials having a septum
through which the head space gas could be sampled. The
three vials (1 to 3 below) were stored at different -
temperatures for 38 days and the head space gas was
analysed. For compariéon similar samples without the

15 added cobalt were stored under similar conditions (vials
Cl to C3 below) and the head space gas analysed. The
results are summarised in the following table. The
02:No ratios are more reliably determined than the
absolute values (themselﬁes normalised so as to sum to

2099%).

s vial Storage Volume fraction Volume fraction
No. temperature of 03 after of Ny after
in _°cC 38 days 38 days

1l 4°C 12 : 87
Cl 4°C 20 79
2 20°C 8 91
-C2 20°C 20 79
3 55°C 5 94
Cc3 55°C 20 79



three vials (1 to 3 below) were stored at different tenperatures for 38
days and the head space gas was anal ysed. For conparison simlar sanples

wi t hout the 15added cobalt were stored under simlar conditions (vials C
tol C3 bel ow) and the head space gas anal ysed. The rfesults are sunmmarised in
the follow ng table. The [err] ratios are nore reliably determ ned than

t he absol ute val ues (thensel ves nor Téh:ed so as to sumto 2099% . Via

St or age Vol une fraction fraction No. t enperat ure of
[err] after of N2 after |n [err] 38 days 38
ggys 1 1e w1ﬂfﬂﬂé.ﬂf%? that a%tﬂg?gh the scavengiggBLfQ£ct is [ega]
C2 rleduced at 4°c, it P9 still very apprecisble, whichs43 of

5 79
"2 1t WSS Sekédnt to packding applicatiodd where prolonged
[err] it H?@ﬁﬁgqrﬂﬁﬁilQﬁuﬂ%k@ﬁb?@°1mﬁFEHag§ BAYCOGFY¥E -r el evant to
packagi ng appl iz ddujts A EE@1RELORANEEE tekti ¢Rhdt 2d iadicaltes amt Storage

A | cul at f t est I dicat that th :
Brunt of e At & b resvansgd, oVess 3B, ShvRnwRs BhateBalee arount of
the sanpl etheoeas ridie amguik Odf nbbe éhmp&gtebhtaﬂnng agdiyn Ot.10a muwd cobal t
functions 5 il detlidd Ad€iACPRELPERY BUBhY tI2RRtEIeds 48 FXAVPLE 8

catalyst in the sense previously described.
10
EXAMPLE 8 ~r

This Example illustrates the present invention under
test conditions, more closely approaching the actual

15 (aqueous) conditions in beverage applications. A nominal
one-litre bottle was made as described for Examples 1 to
5, and with the same composition as the bottle of Example
3.

The bottle had a volume of 1040 cm3 and was filled

20 with 1000 cm3 of water through which nitrogen gas was
bubbled before the bottle was finally sealed with a
septum permitting head space sampling.

The volume fraction of oxygen in the head space gas
was monitored as a function of time, the bottle being

25 stored in ambient laboratory conditions.

The volume fraction was less than 0.2% after 31 days,
a very similar result being obtained with a glass bottle
comparison. A comparison bottle without the added cobalt
gave a result of 1.1%.

30 The bottles were then subjected to a variety of
temperature conditions (a period at 38°C, 4°C, and
ambient) and after 108 days the results for the example,
the glass comparison, and the comparison without added
cobalt were 0.2%, 0.2%, and 2.7%.



. Thfs“Exaane iIIuStnateg t he preseﬁi'invehﬁhon under test cdhditions, nor e
cl osely approachi ng.the actual 15(aqueous)::conditions in beverage
appfications. A nonmnal one-litre bottle was made as descri bed for Exanpl es
1te 5 and with the sane’ conposition as the bottle of Exanple 3. The
bottle had a volunme of 1040 cnB and was filled 20with 1000 cnB of water
t hrough which nitrogen gas was bubbleg3§§fore the bottle was finally seal ed
with a septumpernitting head space sanpling. The vol une fraction of oxygen
in the head space gas was nonitored as a function of tine, the bottle being
25st 6ted in anbient |aboratory copgijpgese The volunme fraction was |ess
than 0.2% after 31 days, a very stmtar result being obtained with a gl ass
bottl e conparison. A conparison bottle w thout the added cobalt. gave a
result of 1.1@6gggs Exéﬂﬁiéxilifétﬁgfﬁ?tﬂﬁé ﬁ#é]@ﬁtﬁg:hediuﬁaale;y of108
t enperature _conditians (a period at , _[err]l_and anbien and after
days the r853?3%’%#’{%%%‘%‘?&%,“?%18@‘é%’%a&ﬂgaf?san?yahémt he conpar.i son
wi t hout adddhesstizid simiddx 226 thé¥é ofidERamples 1-88-8EXAMPLE 9 This
Example illustr t'ﬁ’ﬁ’ e Q lhﬁg at t Lhgtea obal t
catalyst in a s_g?}sotﬁgr% 0 r%% geelgelén' éf{%‘gt h@‘s%ébfé@aﬁpgggaﬁf?§ g%
Pol yet hy| EFbodduapHilial acetabealiner were miked andsdnbeduavernjghtet ate
d} e wer ¢ g 100 °@Nd WHe &k iPEY e cdtipd férits TWeré | 681 th¥Ograguenent s vere
o] e grades
g used in Examples 1 to 5. The weight fractions of MXDé and

of rhodium (as metal) relative to the whole mixture were

4% and 175 ppm respectively. _
10 A preform for a 296 cm3 bottle was made on a Meiki

200 injection moulding machine, and the bottle was blown.

Limit-of-detection oxygen transmission was observed on the

OXTRAN machine previously referred to.

15 _ EXAMPLE 10

This Example illustrates the present invention
applied to a polymer other than polyethylene
terephthalate. It also demonstrates the scavenging in an

20injection-moulded (unblown) container. :

Polypropylene (Solvay grade KL 104) straight from the

Ny bag was mixed with MXD6 of the grade used in Examples 1 to
5 which had been previously dried overnight at 100°C in a
dehumidifying air dryer and with cobalt Siccatol. Without

25further drying, the mixture was injection-moulded to form
a cylindrical pot on a Meiki 200 injection moulding
machine. The pot had a wall thickness of 1.5 mm, was 6lmm
diameter, 70mm high, and had a surface area of 0.015 m2
_ The weight fractions of MXD6 and cobalt (as metal)
jorelative to the whole composition were respectively 10%
‘and 200 ppm. Permeances on the OXTRAN machine of less
than 16 cm3/(m2 atm day) were observed over 18 days of



-used-in Exanples 1 to 5. The weight fractions of MXD6 and of rhodium (as
metal) relative to the whole m xture were 4% and 175 ppmrespectively. 10
A preformfor a 296 cnB bottle was nade on a Mei ki 200 injection noul ding
madhi ne, and the bottle was bl own. Linit-of-detection oxygen transni ssion
was observed on the OXTRAN machine previously referred to. 15

EXAMPLE 10 This Exanple illustrates the present invention applied to a

pol ynmer ot her than polyethylene tereptiddmal ate. It al so denonstrates the
scavengi ng in an 20i nj ection-noul ded (unbl own) container. Pol ypropyl eng
(Sol vay grade KL 104) straight fromthe bag_was mixed with MXD6 of the™
grade usedteftingnpl & comparisgn oithentadded cebatt yhadiad overni ght at

[err] in apdehdahdel WENDRicm3) (2 £ ddy ., cobalt Siccatol. Wthout
25f urt her 5ryin e mxture was, i hjection-moul ded,to forma_cylindrical

th
pot on a Mei ki %@ésiRFE anas | NItEaERS dvesnbigh FAEeOfal | thi ckness
% 1.5 nm s}uaseﬁ.i;mgdiaaraef N’;(igfglﬂéﬁﬂ"nd tibaifﬁtharwbdsmlsl ﬁtsunfmalsp péeasefuﬁ.o\}\g lmz
e weig ractians_o and coba S, et | to_the whol e
compos! ¢ PoRCTe st BpRss PARreRER L AR EIF Setveitniis LavFr odra
machi ne of wadds incdndid g r@iditionaiinyd nen-escieenging olayet Soflayewof
- 34- testiggrméagggﬁgﬁgson w t hout added cobalt had a perneance of 26 [err]
erfor

atmday). This p nce indicates a very high rate of scavengi ng and
inplies that the composition may be useful 5 for head space scavengi ng or

as the scavenging layer in a EXAMPLE 11
10
This Example illustrates the use of a different
scavenging system once more with polypropylene in place of
polyethylene terephthalate.
Example 10 was repeated but instead of MXD6,
15nylon-6,6 of ICI grade Al00 pre-dried as supplied was
used. Instead of Cobalt Siccatol, a solution of copper
(II) acetate in methanol was used (7 g/dm3 concentration).
The weight fractions of nylon-6,6 and copper (as metal)
relative to the total composition were 20% and 25 ppm
2orespectively, the balance being polypropylene.
Pink-coloured bottles were produced which had a
permeance of approximately 6 cm3/(m2 atm day) for 22 days
of testing in the OXTRAN machine. A comparison bottle
without added copper had a permeance of 9 cm3/(m2 atm

25day).
EXAMPLE 12 ( Cowparantive)
30 This Example illustrates another scavenging system

with another non-oxidisable polymer. The metal catalyst
in this case is assisted by an non-metallic catalyst, and
the oxidisable organic component is non-polymeric.



-wal | i ncluding additionally a non- scavengl ng I ayer of |ow pernmeability.
EXAMPLE 11 10 This Exarrpl e illustrates the use of a different scavenging
system once nore w th pol ypropyl ene in place of polyethyl ene terephthal ate.
|l e 10 was repeated but instead of MXD6, 15nylon-6,6 of ICl grade A100
pre- dried as supplied was used. I|nstesmb-of Cobalt Siccatol, a solution of
copper (I1) acetate in nmethanol was used (7 [err], concentratlon) The
wei ght fractions of nylon-6,6 and copper (as rretal) ‘relative to the total
conposi tion wer Ehm%mutdz&q)mﬁ Fxamplztl@cwys repedbedncbubepngthis

ol yp¥opyl M o r h a perneance of
gpp?/gm %t g?@:agli err Li ‘f&*él‘%ﬁ ?gggst%l\r‘]\gtlgadt ﬁg OX'FI)'RAN

machi ne. Rodumlmebot&ﬂ Zm‘bhcﬁnt%'déﬁ"é%ﬁbbwhaﬂoé pedpeance of 9
[err] atm %5'3&)6)1 abe-3, 5-ailly -St%@i? #faﬁa&t ehseBalheE

scavenglgg stemw anot her. ‘non- oxi df sabl e at al yst

inthis 6 agéwestpa}wtaﬂ% “as 1M 9 %I%E?ny%tﬁﬁ {‘Hel"si?leél'sabl e
organic Coﬂ%n%&bsltiw(ﬂnéﬁﬂl vas théSFmaE'dilﬂa)IOoﬁdAll.érbéhExanpl e 10 was

r epeat ed, hi th | ow densi pal vet h t ead of
pol ypr opyl 5&“‘&& 5%4%%61' rb(V)AbcﬁJt%R'i % \3%% End RYLERS: ' BY'
2, 5- di net hnkteraxe Chemicials tLthﬂJ.t yl ) peroxide instead of 5MXD6. The

pol yet hyl ene wagpnSWa'dde FARIdHE Liralfife to the total

10 composition were 4% substituted phenol, 1% peroxide, 100
ppm cobalt (as metal), and balance low density
polyethylene. |

The permeance was consistently measured as 30-33

cm3/(m2 atm day) over a period of 8 days, whereas a

15 comparison without the added cobalt had values rising
monotonically from its lowest value of 46 cm3/(m2 atm day)
to 66 cm3/(m2 atm day) over the same period.

EXAMPLES 13 to 20
20 ' .
It is believed that the foregoing examples provide
ample instruction to the man skilled in the art to put the
present invention into effect, but for the sake of
completeness there are listed in Table 3 various other
o 25 compositions we have found to perform well (permeances
less than 0.05 cm3/(m2 atm day). The permeances were
measured on 0.3 mm walls except in the case of Example 18,
where the wall was 1.5 mm thick.

30



-"the“substituted phenol was the material of A drich Chem cal Co.Ltd; and the
peroxide was the material of Interox Chemcals Ltd. The weight fractions
relative to the total 10 conposition were 4% substituted phenol, 1%

petoxi de, 100 ppm cobalt (as metal), and bal ance | ow density pol yet hyl ene.
The pernmeance was consistently neasured as 30-33 [err] atm day) over a
period of 8 days, whereas a 15conparison w thout the added cobalt had

val ues rising nonotonically fromits~Bbwmest value of 46 [err] atm day) to
66 [err] atm day) over the sane period. EXAMPLES 13 to 20 20 It is believed
that the foregoi ng exanpl es provifgﬁﬁﬁgée instruction to the man skilled in
the art to put the present invent o effect, but for the sake of

conpl eteness there are listed in Table 3 various other 25 conpositions we
have foun f on (perme than 0.0 err] .atmgday). The
perneancegxhg e%%eagﬁ?é@&%% 0.3 nﬁgﬁgéfégéggept I n t§§k3;¥gtbfn9&anple 18,
where theNfal | was Xbhlanae ck. 3organigs- TABLE 3 Wedghkefraedipmer '

Oxi di sable Catgd yst and Neomponent 4R&! ance ~organic
wei ght fraction of cquonent and conposition) weight fraction 13
PET MSgmposition) weightfragtion
13 PET MXD6 Co 100 ppm
4 % added as Co
(II)
acetylacetonate
. A
14 PET MXD6 Co 100 ppm
4 % added as Co
(I1II)
acetylacetonate
15 PET MXD6 Co 100 ppm
4 3 added as Co
(II)
stearate
16 PET MXD6 Co 100 ppm
4 3 added as
Durham ~
Chemicals
Nuosyn
17 PET MXD6 Co 100 ppm
4 3 added as
Co (II)
neodecanoate
18 PETG MXD6 Co 200 ppm
5% added as
Cobalt

Siccatol




4 Y added as Co (I1) acétyracetonate 14 PET

MXD6 . Co 100 ppm4 % . added as® Co (Il1)
acetyl acetonate 15 PET MXD6 Co 100 ppm 4
% { added as Co (11) stearate 16 PET MXD6
Co 100 ppm 4 % added as Dur ham Chem cal s Nuosyn 17 PET
MXD6 Co 100 ppm4 % added as Co (Il) neodecanoate
18 PETG MXD6 =37 o 200 ppm 5%
added as Cobalt Siccatol -37- TABLE 3 (Conti nued) Exanple Pol ymer
Oxi ditsabl e Cat al yst and l, organi c
wei ght fraction of conpohB Lg R%lﬁ & ) weight fraction

Example - Polymer  0xidisab1e Catalyst and

No. (balance organic weight fraction

of component and

composition) weight fraction

19 Pl21 MXD6 Co 100 ppm
- 5% added as
Cobalt
" Siccatol
20 - ' MXD6 Co 200 ppm
100% added as
Cobalt
Siccatol

Notes to Table 3:-
PET, MXD6: grades as in Examples 1 to 5.
PETG: a modified PET including _
1,4-di-(hydroxymethyl)-cyclohexane units, Bastman
Kodak grade 6763.

P121: another ICI grade of polyethylene terephthalate
suitable in this admixture with MXD6 for extrusion.



19 P121 MXD6 Co 100 ppm 5%

added as Cobalt Siccatol 20 MXD6 Co
200, ppm 100% added as Cobalt Siccatol Notes to Table 3:- PET
Ek grades as in Exanples 1 to 5. PETG a nodified PET incl uding

1, 4-di - (hydroxynet hyl ) -cycl ohexane units, Eastnman Kodak grade 6763. P121:
another 1Cl grade of polyethylene tereghthalate suitable in this adm xture
with MXD6 for extrusion. -38- EXPEF NT Fibres of a material having the
sanme conposition as the nmaster batch in Exanple 6 were forned into a film
and the infra-red absorption spectgipppyMepser ved. An absorption was
observed at 1640 [err] which we béfteve 5 represents an am de car bonyl
absorption. The material was then held in air in _an oven at 55C for two

orml | poak. uas ggm%“@w s LT VIR kSl V‘%@*‘iﬁie%{e‘ﬁ'i‘?ive' !
i ev
carbonyl ab%Gr PRP ‘ﬁi’c &%%e&i‘éﬂ%ﬁ to g fibin Aandt 1640

[err] (stlthepiafcakredThbsﬁrptﬂdﬁeﬁnecﬁrnmﬂwyy\uﬁkéﬁﬁéa hqhdlng fibres at
[err] in ahpbghPptiBhY was'Bbberved at 1640 cm-1 which we believe
5 represents an amide carbonyl absorption.

The material was then held in air in an oven at 55°C
for two months and the spectrum was once more observed. A
new albeit relatively small peak was observed at 1740 cm-1l
which we believe represents a carbonyl absorption distinct

10 from the amide carbonyllabsorption at 1640 cm-l (still
present).

The same effect was observed after holding fibres
at 100°C in air for only 5 days.

No such effect was observed when MXD6 fibres without

15 cobalt was held in air at 100°C for 5 days.

We believe that the new band may indicate a carbonyl
group formed when the material scavenges oxygen, or
possibly the carbonyl group in the original material whose
chemical environment has been changed by oxidation.



= such effect was observed when MXD6 fi bres w thout 15 cobalt was held in
er at [err] for' 5 days., We believe that the new band my |nd|cate a

car bonyl group forned when the materi 2,49 scavenges oxygen, ‘of possibiy-t he
carbonyl group in the original nmateri whose cheni ¢ nt has been
changed by oxidation. - 39 - CLAIMS: 1. A wal | imli Mﬂﬂ% i ch
wal |l co | or includes a | ayer conprising, a co

conprisggﬂggg%$yner sai d conposition being capabl e of scavenglng oxygen

through the netal pronoted oxidation of an oxidizable organic polyner
conporénty, t hea npded ﬂardatpaeke ermivaicaowamsu:aﬁphhre@)suﬁ on metal in a

positive QOxXi ion sjate, suc ernean wal | far oxygen is
ot ot o SHEIEAE A [LAYSE SPRPRiginos S BRAPBEIELGR M)ty ComRTheE
whichiﬂua;ynlgmsmp,séﬁd ouygesitiennbeingreaphbnetbtesommnngﬂng'of that

Ut 1 B " Eodon  BRie SREES pALnBXACBARINIRY B ppDT TeS, 3. A

wal | accor or'c met al- I'evel is such. that
sai d per abkebenwantq|pvbnmertnpnpgoeu§ystba mesalaoxidaition
fabri cat oot dy V@bhpRESPHY! agti-anamiieﬂema&as' 3h™R b tii f which the

per neance, for O S n0t_ npre err| atn1d . _ A wall

| .
accor di ngj”f’di%ﬁl’gp%n%t%'?eclé'i‘ﬁ’é Eh?E §heogem Eﬁcﬁhefpé‘hﬁeé’ﬁ@é % oxygen,
IS not mMuydémnid. ot andreathadayd.obem /Am htmadaqulng to any one of

claims 1 to 5, of which

2. A wall according to claim 1, of which the permeance, -
for oxygen, is not more than three-quarters of that which
it would have in the absence of oxygen-scavenging
properties.

3. A wall according to claim 1 or claim 2, wherein the
metal level is such that said permeance has been achieved
within 30 days of the wall being fabricated.

4. A wall accordlng to any one of claims 1l to 3, of whlch
the permeance, for oxygen, is not more than 2.0 cm /(m
atm day).

5. A wall according to any one of claims 1 to 3, of which
e the permeance, for oxygen, is not more than 0.5 cm3/(m2
atm day).

6. A wall according to any one of claims 1 to 5, of which
the permeance, for oxygen, is not more 1/25 of that which
it would have in the absence of oxygen-séavenging
properties.



"Ihe perrreance,' for oxygen, is not nore 1/25 of that which it woul d have in

the absence of oxygen-scavengi ng propggt+es. m I cordi ng
to any one of claims 1 to 6, of which the said pe1mmuul" Im"u nabl e at
or below the specified limt at [err] and 50%rel ativé hidm 8ity for at _

| east 207 daysA wall aceerdimgctedany poeanf claimis Al xio®,l dfo whicH which

th i t aLn he s f i t at 23 C and
Lhe sa gt-frpge # m%ﬁegﬁ?a i ﬁhhﬁt?gbaglb at B@%lgl%@, Ltlha@ccor i o Cooe

pr ecedi \/\H’Biﬁtmbﬁl a3h5vén§n59ﬁerﬁﬂ§§-ﬁ<‘!@ dundditan foradngi ng
propertilksast 20 dape(neance of not nmore than 50 cm/(matmday). 10. ™A
wal | according to any one of claims 1 to 9, wherein the oxidizable organic
pol ymer conponent is a polyamde. 11. A wall according to any one of clains
1 to 9, 8her Arwahk accardibgetor gnyi onpobfneladmspandet 6;orifaiwddich CONH -

| i nkageshd @,f@rﬁéﬂ%ﬁéanigfmﬁin&:ﬁiﬁkbgaoﬁemcl 3 mp%@?.&&%fvmﬂ ein the

COI’TpOSI tlon, accor one O

oxi di zatiih 23 p%l?ﬂérsgtnﬁegeﬁﬂveo umiddtynfor et deastonod a

- NH CH2-gaps £ne- CH2- NH- CO- al kyl ene-CO-. 13. A wall according to any one of.
claims 1 to 12, wherein the netal oxidation pronoter is a cobalt conpound.
14. A wall according to any one of clains 1 to 12, wherein the netal

oxi dat i @& pr dwall i sceordingutocanpoprdceding Aledim, whdendwomlid® any one

of clai 'H%\ﬂe t1h lthe VA65ELBe of oxygen-scavenging properties a
: permeance of not more than 50 cm /(m2 atm day).

10. A wall according to any one of claims 1 to 9, wherein
the oxidizable organic polymer component is a polyamide.

11. A wall according to any one of claims 1 to 9, wherein
the oxidizable organic polymer component contains - CONH -
linkages in a concentration of at least 0.08 mmol/g in the
total composition.

12. A wall according to any one of claims 1 to 9, wherein
the oxidizable organic polymer component contains units of
the formula -NH-CHz-arylene-c}IZ-NH-CO—alkylene-co-.

13. A wall according to any one of claims 1 to 12, wherein
the metal oxidation promoter is a cobalt compound.

14. A wall according to any one of claims 1 to 12, wherein
the metal oxidation promoter is a rhodium compound.

15. A wall according to any one of claims 1 to 12, wherein
the metal oxidation promoter is a copper compound.



;%he‘ﬁetal oxi dat i on bronnter i's a copper conpound. 14, I or di ng
to any one of ‘clains 1-to 15, whereim 4khe conposition ¢ ’ﬂ l, ,! jlim,ﬂl[ _
oxi dation promoter in ‘a weight fraction, expressed as c s L he

conposition in the range from 10 to 300 ppm_17. ,A wall according to any
one of cl¥fs A Wl ACGPEAING tAcaBYnPBRE PEoFLladRBanE AE ndh@TedN dat i on

pronot er tHe coMpesitioncébRtaifgPtRésAdtal bRiaationapromdtert ia a

conmposition, .in the range from100.to 250 84iA.wal | Laccording to any
one of pﬂ%ﬁiﬁpﬁ_%QFﬁ.,° e?f?ﬁ??ﬁ%dpSFyﬂﬁFggngéP#éyﬁy%g'5 densati on
pol yner wcfompuwsikiowrin pthhéarangecfdemwiOhton800r ppov.e conpounds cont ai ni ng

at |l east two al coholic hydroxy groups per nolecule. 19. A wall according to

any one of claims 1 to 17, wherein the polyner is formally a condensation
poi yner &7 « eefakhl acceEding; ta an¥yPBRcO§ Faadimsod te WS, whereddi ng to

any og_e Q;fl'té?|ét%ﬁ§oéié%£bm%7coﬁ@8{.ﬁénthléemléehlnakihatlao&obﬂlhﬁtie‘iﬁ idla A wall
according to _.claim 20, wherein the polyolefin is r ne or
poIyethyﬁﬁﬁ%ﬂ“ﬁé&rQFV%ﬁ?'aﬁ%BFﬁ?ﬁﬁ tﬁ¥aﬂ§L52er8}ggF§%n§%% 17, wherein

t he oxi dicomipasitiom; cipotherrangepfvent 160dtbh25p0ppmer are a single

oxi di zabl e polyner. 23. A wall according to any preceding claim which
conprises at least two layers, the first of which conprises the conposition

speci fi ed8n & H3dL ageordingt herany engerf cladmsch &ond7i.s¥herein
conposi t it¥p &F 'fs 22 OPMATEY énéohaéﬁﬁathﬁnapﬁi?hﬁ&.6&'Bﬂ% @r nore the
per neance -t hat tthe wal | mggld bave i n the absence o %xygfn~sqaven I ng ‘
propert | dore phthalic acids with -one or more compounds ctontainin
- at least two alcoholic hydroxy groups per molecule.

19. A wall according to any one of claims 1 to 17, wherein

the polymer is formally a condensation polymer of

terephthalic acid with ethylene glycol.

20. A wall according to any one of claims 1 to 17, wherein
the polymer is a polyolefin.

21. A wall according to claim 20 wherein the polyolefin is
polypropylene or polyethylene.

22. A wall according to any one of claims 1 to 17, wherein
the oxidizable organic polymer component and the polymer
are a single oxidizable polymer.

23. A wall according to any preceding claim, which
comprises at -least two layers, the first of which comprises
the composition specified in claim 1 and the other or
others of which comprise a composition comprising a polymer
and reduce by a factor of two or more the permeance that
the wall would have in the absence of oxygen-scavenging
properties.



24. A wall according-to any preceding claim conpr|5|ng at | east “two
ayers, the first of which conprises the corrpostfm claim1l
and the other or others of which affogg ®echani m,m’ 'I, E'Fepar ation

of the composition fromthe environnment or the packégetconten
conposition for packagi ng use which conprises a polyner, said conposition
bei ng ca%ﬁblerwailaaengrdgngmygennwhmmgyedﬂng|umaﬂmdmannpnibinQ(kticm of
an oxi di zabLe ©4d2ihelS) YRR FAMUGH wHilh WhieiRdlan pr oMt ef

xi dation state

conprising a transit positive o t he

perrreablq’?!‘9°§¥-t§~ﬁ§ §Bﬁ§é§|‘1ﬁﬁoﬁ-n Fé.ai:m 1 and the atheman etharsmf ¥an
3.0 [erryhgem dﬁ!brdzﬁecﬁaﬁﬁ.m(].s'sttlawnél%@owi‘ raﬁaq-atﬂi%ﬂno% +Hd Which the

ermeabi it s not .nmore than O. err], atm da 27.
A composFPRBasABLaR I ERER: sha ARYIFEnRant, A the, Baskaneh HaEa R0 bxygen.
I's not nore than 0.2 an 2 mm(matmday). 28. A conposition according to,
any of | MBy 2
hr ee- qE%?t or ) “apnfaéitiohcel 9@%’%&%1%@ ”hh e Sonftfadd' ¥
oxygen- se@¥¥REFngspidpepmpesition Redng, &fc seaviengdnany of cl ai s -
25 t0 28pxpgeiihthbolbh thAkedmatale dzddt\éd %mattiaim& %rﬁt or bel ow the

8 P!

specified err] ,and 20%rel ative r ,at st, 20 days.
30. A co™ iin?PBie gEthFlﬁ'gpf’ YASRF (‘J’Ioulﬂ%ﬁ g:ht%“‘?& ’Hﬁiaﬂﬁﬂfh have a
per neabi promotert temprieing af transition metal in a positive

oxidation state, the permeability of the composition, for

oxygen, being not more than 3. Ocm3.mm/(m atm day).

26. A composition according to claim 25, of which the
permeability, for oxygen, is not more than 0.7 cn® mm/
(m2 atm day).

27. A composition according to claim 25, of which the
permeability, for oxygen, is not more than 0.2 cm3
mm/(m2 atm day).

28. A composition according to any of claims 25 to 27,
which has a permeability not more than three-quarters of
that which it would have in the absence of
oxygen-scavenging properties.

29. A composition according to any of claims 25 to 28, of
which the said permeability is maintainable at or below the
specified limit at 23°C and 50% relative humidity for at
least 20 days.

30. A composition according to any of claims 25 to 29,
which would have a permeability in the absence of
oxygen-scavenging properties of not more than 17 cm
mm/(m2 atm day).

3



‘ oxygen scavengi ng properties-of not nore than 17 cnﬁ—ferr] “at m day) .

A conposi tion according to any of clainms 25 to 30, ha

features specified in any' one of cLahgs 10 to 22, i‘mﬂﬂﬂmmw“tm‘“ ng
claiml1. 32. A nethod of naking a wall accordlng t 0 x«any one ®of <l

to 24, wherein the conposition specified in claim1l is prepared by n1X|ng

the met al3 10X Gatddipdd XL radedia i mnﬁs CORPSI&ihs Op5Cceapoognt s al |

t oget her _or ,.n a ang. the. wa ayer:.of _the_wa i.s formed
fr om.t he NGRS at‘%’o gg&%ﬁo f3iHre %fpe#ﬂ%?‘ﬁ %"én}lraﬁpﬁfg 855%8& tion -
accordi ngot (tcﬁ_m,orﬂmfthé aralsl 2iccarding vibe cblaimpli ses ni xi ng t he net al
oxi dation prompter with the other conponent or conponents all together or.
in any order. 34. A wall for a package, which wall conprises, i ncludes a

| ayer coR@ei siln@ethadpbmaking @MalLiagcerding ke any eﬁﬁaﬁfe of
scavengi g3 appglan €d249 mﬁéﬁmtﬁke r&aﬁs&eﬂtwndepeenfgédamnomdmabl e

I th d
Transi 11 Gn Spmenaren due el and metal Sr aSERas nFoRBLE?, WiLE
per neancehd otHerompdrent . dkx [componémtsiay)l asbogetbex bavéni anyhe absence
of XY e el Vo PP &5 &ee{sgépcefneﬁe%ffd'szg 2Brhgpr] atm

day age conprr'si ng a wal ccording to any one o ains 1 to
24 and 3£er th&wgﬂmpnﬂktigntﬁﬂe¢h§¢inpéwcord|ng to claim32. 36. A
beverage bottle conprising a wall according to any one of clains 1 to 24

and 34, or a wall made by the, net hod
: 33. A method og’maklng a composition according to any one

of claims 25 to 31, which comprises mixing the metal
oxidation promoter with the other component or components
all together or in any order.

34. A wall for a package, which wall comprises, or
includes a layer comprising, a composition comprising a
polymer and capable of scaﬁenging oxygen through the
metal-promoted oxidation of an oxidizable organic polymer
therein, the metal oxidation promoter comprising a
transition metal in a positive oxidation state, and which
wall has a permeance of not more than 2.0 cm3/(m2 atm
day) and would have in the absence of oxygen-scavenging
properties a permeance not exceeding 50 cm3/(m2 atm

day) .

35. A package comprising a wall according to any one of
claims 1 to 24 and 34, or a wall made by the method
according to claim 32. :

36. A beverage bottle comprising a wall according to any
one of claims 1 to 24 and 34, or a wall made by the method
according to claim 32.

37. A food container'comprising a wall according to any
one of claims 1 to 24 and 34, or a wall made by the method
according to claim 32.

-



(according to claim32. 37. A food container conprisiﬁﬁ a wall according to
any one of clains 1 to 24 and 34, or a wall

ccording to
cl ai m 32. -44 - 38. A wall for a gpckage suﬁ Hu ﬁwgl' ﬁscrl bed in
any one of Exanples 1 to 6 and 8 to 20 herein. )

packagi ng use substantially as described in any of Exanples 1 to 20 herein.
40. A cagai rerwalbstonta gpagkagedsabstantdinllynnsodeseribeddireanyy to 6
and 8 1Qrd Jf”é&&hples 1 to 6 and 8 to 20 herein.

39. A composition for packaging use substantially as
described in any of Examples 1 to 20 herein.

40. A container substantially as described in any one of
Examples 1 to 6 and 8 to {| herein.




